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(54) Abstract Title 

Wavelength multiplexed optical signal amplification control system 

(57) A wavelength multiplexed optical signal is input to an erbium doped fibre amplifier 3. A fraction of the 
input signal is split off at a coupler 1, demultiplexed by an arrayed waveguide 5, then the number of different 
wavelength signals in the multiplexed signal is detected by a photo detector array 9. This information, in 
.combination with a standard feedback control system, 4 and 8, is used to control the level of amplification and 
to achieve a desired output level. 
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OPTICAL SIGNAL AMPLIFICATION CONTROL SYSTEM 

FTFTiD OF TFF TNVFNTTON 

This invention relates to an optical signal amplification 

s control system for amplifying wavelength-multiplexed optical signal 

with different wavelengths to be transmitted through an optical fiber 

cable, and more particularly to, an optical signal amplification 

control system used in amplifying wavelength-multiplexed optical 

signal in the Imp, that is to say without dividing it into its constituent parts, so that 
10 all wavelengths are amplified. 

pargrsPrtTTOn op tuv TxnrpwpTAw 

It is veil known that an optimum output power of optical signal 
is required in the long-distance transmission through an optical 

fiber cable since if the output power is too low or too high, problems are caused . 

15 

Therefore, in the long-distance transmission of an optical 
signal through an optical fiber cable, a wavelength-multiplexed 
signal is amplified in the lump to get an optimum output power by 
using repeating amplifiers placed at several repeating points, 

20 The first one of conventional amplification control systems 

is operated by storing a predetermined reference level in a repeating 
amplifier, amplifying an optical signal to be input up to the 
reference level, then outputting it. 

The second system is operated by transmitting wavelength 

25 multiplexing number information from a transmitting end to a 
repeating amplifier, conducting the amplifying of the repeating 
amplifier according to the wavelength multiplexing number 
information. 
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Meanwhile, in such a conventional optical signal amplification 
control system, the whole output power of a wavelength -multiplexed 
optical signal is controlled to be constant even when amplifying the 
optical signal where several signals with different wavelengths are 
5 wavelength-multiplexed. 

However, in such controlling, the output power per each signal 
(wavelength) must be varied depending upon the number of multiplexed 
wavelengths. Namely, the larger the number of multiplexed 
wavelengths is. the more the light output power per one wavelength 
.0 is reduced. The optimum output power per one wavelength must be 
varied depending upon the number of multiplexed wavelengths. 

Thus, it is desired that a value of optimum output power can 
be determined according to the wavelength multiplexing number 
information when amplifying a wavelength-multiplexed signal. Also, 
is it is desired that a value of optimum output power can be changed 
on real time according to a variation in the number of multiplexed 
wavelengths, in such optical communication that the number of 
multiplexed wavelengths may be varied. However, the first system 
cannot be adapted to the variation in number of multiplexed 

20 wavelengths. 

The second system • requires transmitting wavelength 
multiplexing number information from a transmitting end to a 
repeating amplifier, thereby increasing the quantity of information 
to be transmitted through the optical fiber cable as well as 
as complicating the system that much. 

Also, when a light- wave network using only light is constructed 
in the future, the number of multiplexed wavelengths to be 
transmitted through an optical fiber cable will be dynamically varied. 
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In such case, the number of wavelengths in the second system is very 
difficult to manage. 

Furthermore, wrong wavelength number information may be 
transmitted due to a noise etc. If the second system is controlled 
s by such wrong information, the transmission error of an optical 
signal may occur. 

Accordingly, it IS an object of at least the preferred enfcodinmts of the invention to provide 
10 an optical <rfgiai anplification control^ system that can conduct optimum 

controls on output power according to the number of multiplexed 
wavelengths without transmitting wavelength multiplexing number 
information from a transmitting end. 

It is a further such object to provide an optical 
is signal amplification control system that can conduct optimum 

controls on output power on real time even when the number of 
wavelengths in a wavelength -multiplexed optical signal to be input 
is dynamically varied- 
According to the invention, an optical signal amplification 
20 control system for amplifying. in the lump a wavelength-multiplexed 
signal that several optical signals with different wavelengths to 
be transmitted through an optical fiber cable are multiplexed, 
comprises: 

means for detecting always the number of the different 
as wavelengths multiplexed in the wavelength-multiplexed signal; and 
means for amplifying in the lump the wavelength-multiplexed 
signal; 

wherein the optical signal amplification control system 
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controls the amplifying means to amplify in the lump the 
wavelength-multiplexed signal up to a desired level according to the 
d tested number of the different wavelengths. 

The invention will be explained in more detail in conjunction 
with the appended drawings, wherein: 

FIG.l is a block diagram showing an optical signal amplification 
control system in a preferred embodiment according to the invention. 

An optical signal amplification control system in the preferred 
embodiment will be explained in FIG.l. 

Referring to FIG.l, 1 is an input -monitoring optical coupler, 
2 is a WDM (wavelength division multiplex) optical coupler for 
multiplexing sua input signal and excitation laser light, and 3 is 
an erbium-doped fiber (EDF) which is obtained by doping erbium ion 
into an optical fiber and amplifies a 1.55 Um band optical signal 
when 1.48 Mm excitation light is supplied thereinto. 

Further, 4 is an output -monitoring optical coupler, 5' is an 
arrayed wave guide (AWG) for demultiplexing wavelength-multiplexed 
light to be input into lights with different wavelengths, 6 is an 
excitation laser light source (hereinafter referred to as 
'excitation LD 9 ) , 7 is an automatic output power control (APC) 
circuit, 8 is a photodetector (PD) , and 9 is an arrayed pho code tec tor 
(hereinafter referred to as 'array PD'). 

Meanwhile, a wavelength number detecting means, which is 
defined herein, is composed of the input -monitoring optical coupler 
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1, AWG 5 and the array PD 9. Also, an amplifying means, which is 
defined herein, is composed of the excitation LD 6. the WDM-optical 
coupler 2 and the erbium-doped fiber 3. Further, the control of the 
amplifying means according to the number of multiplexed wavelengths, 
s which is defined herein, is conducted by the output -monitoring 
optical coupler 4 and the APC circuit 7 to which wavelength number 
information is input from the wavelength number detecting means. 

In operation, an optical signal that several signals with 
different wavelengths are multiplexed (wavelength-multiplexed 
10 signal) is input to the input side (IN) , and then part of the 
wave length -multiplexed signal is separated from its main signal by 
the input -monitoring optical coupler 1, input to the arrayed wave 
guide (AWG) S. 

The arrayed wave guide (AWG) 5 divides the wavelength- 
15 multiplexed signal input thereto into several signals with different* 
wavelengths, and the divided several signals with different' 
wavelengths are received, as they are, by the arrayed photodetector 
(array PD) 9 . 

Thus, the number of wavelengths in the wavelength -multiplexed 
20 signal to be input to the input side (IN) can be detected. 

Meanwhile, the input-monitoring optical coupler 1, arrayed wave 
guide (AWG) 5 and array PD 9 can be operated on real time. Therefore, 
even when the number of wavelengths in the wavelength -multiplexed 
signal to be input to the input side (IN) can be varied, the variation 
25 can be detected on real time. 

Then, information about the number of wavelengths (number of 
signals) to be detected by the array PD 9 is sent to the APC circuit 
7 to control automatically the light output power. The APC circuit 
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7 selects an ptixnum output power according to the number of 
wavelengths based upon this information, controlling the excitation 
LD 6 to provide the selected optimum output power. 

On the other hand, the main signal is multiplexed with the 
s optical output of the excitation LD 6 by the WDM optical coupler 2. 
input to EPF 3, amplified by the EDF 3, then output through the 
output -monitoring optical coupler 4 to the output side (OUT). At 
this time, part of the output signal is divided by the output - 
monitoring optical coupler 4, monitored of the output level by PD 
xo 8. The monitored information is then input to APC 7, thereby 
conducting feedback control. 

Thus, APC 7 determines an optimum value of whole amplification 
level to the wavelength -multiplexed signal according to the 
multiplexing wavelength number information obtained from the array 
is PD 9, and feedback-controls the control current of the excitation 
LD 6 so that the output signal level can have this optimum value while 
monitoring the output signal level. 

Although, in this embodiment, the wavelength number detecting 
means is composed of the input -monitoring optical coupler 1, AWG 5 
20 and the array PD 9, it is not limited to this composition. The 
wavelength number detecting means may be any means that is composed 
of means for separating part of a wavelength-multiplexed signal to 
be transmitted, means for dividing the separated part of the 
wavelength-multiplexed signal into lights with different 
25 wavelengths, and means for detecting the divided lights with 
different wavelengths to count the number of wavelengths. 

Although, in this embodiment, the amplifying means is composed 
of the excitation LD 6. the WDM optical coupler S and the erbium -doped 
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fiber 3, it is not limited to this composition. The amplifying means 
may be any means that can amplify in the lump the wavelength - 
multiplexed signal up to a desir d level. 

5 Although the invention has been described with respect to 

specific embodiment for complete and clear disclosure, the appended 
claims are not to be thus limited but are to be construed as embodying 
all modification and alternative constructions that may be occurred 
to one skilled in the art which fairly fall within the basic teaching 

q here is set forth. 

Each feature disclosed in this specification (which term includes the claims) 
and/or shown in the drawings may be incorporated in the invention independently of 
other disclosed and/or illustrated features. 

The description of the invention with reference to the drawings is by way of ^ 

5 example only. 

The text of the abstract filed herewith is repeated here as part of the 

specification. 

Disclosed is an optical signal amplification control system for amplifying in 
the lump a wavelength-multiplexed signal that several optical signals with different 

0 wavelengths to be transmitted through an optical fiber cable are multiplexed, the 
system having: means for detecting always the number of the different wavelengths 
multiplexed in the wavelength-multiplexed signal; and means for amplifying in the 
lump the wavelength-multiplexed signal; wherein the optical signal amplification 
control system controls the amplifying means to amplify in the lump the wavelength- 

5 multiplexed signal up to a desired level according to the detected number of the 
different wavelengths. 
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1. An optical signal amplification control system for 
anplifying lr. the limp (as herein defined) a wavelength-nultiplexed signal In which a plurality 
s of optical signals with different wavelengths to.be .transmitted through 
an optical fiber cable are multiplexed, comprising: 

means for detecting . the number of said different 

wavelengths multiplexed in said wavelength-multiplexed signal; and 
means for amplifying in the lump said wavelength -multiplexed 
10 signal; 

wherein said optical signal amplification control system 
controls said amplifying means to amplify in the lump said 
wavelength-multiplexed signal up to a desired level according to said 
detected number of said different wavelengths. 



15 



20 



25 



2. An optical signal amplification control system, according 

to claim 1/ wherein: 

said wavelength number detecting means comprises means for 
separating part of said wavelength-multiplexed signal to be 
transmitted, means for dividing said separated part of said 
wavelength -multiplexed signal into lights with different 
wavelengths, and means for counting said number of said different 
wavelengths multiplexed in said wavelength -multiplexed signal by 
detecting said divided lights with different wavelengths. 

3. An optical signal amplification control system, according 
to claim 2, wherein: 

said separating means comprises an arrayed wave guide (AWG) . 
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and said counting means comprises an arrayed photodetector . 

4. An optical signal amplification control system, according 
to claim 1, wherein: 
s said amplifying means comprises an excitation laser light 

source, a WDM optical coupler to multiplex the excitation light from 
said excitation laser light source with said wavelength -multiplexed 
signal, and an erbium- doped fiber. 

io 5. An optical signal amplification control system, according 

to claim 1, further comprising: 

means for feedback- controlling said amplifying means to provide 
said wavelength -multiplexed signal to be output with said desired 
level according to said detected number of said different wavelengths 

is while monitoring the output level after amplification. 

6. An optical signal amplification control system, according 
to claim 5, wherein: 

said feedback* controlling means determines said desired level 
20 according to said detected number of said different wavelengths and 
controls said amplifying means to amplify in the lump said 
wavelength-multiplexed signal up to said desired level. 

7. A method of amplifying a wavelength-multiplexed optical signal comprising 
determining the number of different-wavelength constituents of the multiplexed signal, and 

25 amplifying the signal without demultiplexing it to a level dependent on the said number of 
constituents. 

8. A control system or a method substantially as herein described with reference 
to or as shown in the accompanying drawings. 
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